Objective: This study investigated the associations of breakfast skipping with obesity and health-related quality of life (QOL). We also tested the hypothesis that there is a dose-dependent relationship between frequency of breakfast consumption and prevalence of obesity. Subjects and Design: This cross-section study used a national representative sample (n ¼ 15 340) from the 2005 Taiwan National Health Interview Survey. Breakfast skippers were defined as those who ate breakfast about once a week or less often and those who never ate breakfast. Individuals were classified as 'obese' if their body mass index was X27. Health-related QOL was assessed using the Medical Outcome Studies 36-Item Short-Form (SF-36) Health Survey. Logistic regression was used to examine the odds ratio of obesity and associated 95% confidence intervals (CIs) in breakfast skippers compared with breakfast eaters. Multivariable logistic regression modeling was used to adjust all risk estimates for covariates. Results: The unadjusted odds ratio of obesity in breakfast skippers was 1.23 (95% CI: 1.06, 1.43). The odds of developing obesity for breakfast skippers was 1.34 (95% CI: 1.15, 1.56) controlling for age, sex, marital status, educational level, monthly income, smoking, alcohol, betel nut chewing and exercise habit. The Cochran-Armitage trend test revealed that the prevalence rate of obesity decreased as the frequency of breakfast consumption increased (P ¼ 0.005). Breakfast skippers had significantly worse health-related QOL than breakfast eaters (Po0.001). Moreover, breakfast skippers had significantly lower scores in 5 out of 8 domain scores of the SF-36, namely general health perceptions (Po0.001), vitality (Po0.001), social functioning (P ¼ 0.036), emotional role (Po0.001) and mental health (Po0.001).
Introduction
The obesity epidemic has become a significant public health concern worldwide. [1] [2] [3] [4] [5] [6] The prevalence rates of overweight and obesity in Taiwanese adults have increased in recent years, particularly in the male population. 7, 8 Obesity is a risk factor of several major health problems including hypertension, diabetes, heart disease, certain cancers and other chronic diseases. 9, 10 Thus, finding the factors contributing to obesity is of utmost importance. Undesirable lifestyles have been implicated as causes of obesity. Eating patterns that may influence body weight include eating frequency, [11] [12] [13] breakfast skipping [12] [13] [14] [15] [16] [17] [18] and the frequency of meals eaten away from home. 12 Among these, breakfast skipping has received a lot of attention recently. Cross-sectional studies have shown that breakfast skipping is associated with increased prevalence of overweight and obesity. [12] [13] [14] [15] A prospective study also found that skipping breakfast was associated with weight gain. 16 However, others have found contradictory results regarding the association of breakfast skipping with body mass index (BMI), 17 or with overweight/obesity. 18 The discrepancy may be due to differences in the definitions of breakfast skippers among studies. Therefore, it is important to explore whether the prevalence of obesity decreases as the frequency of breakfast consumption increases. In addition, most of the studies examined the relationship between breakfast consumption and body weight in adolescents and school-age children. Only a few studies investigated this relationship in the adult population. There has been a paucity of data elucidating the association of breakfast consumption with the prevalence of obesity in Taiwan. The primary aim of this study was to investigate the association between breakfast skipping and obesity in the Taiwanese adult population. In particular, the age-and sex-adjusted odds ratio and multivariate-adjusted odds ratio for obesity in breakfast skippers compared with breakfast eaters was examined. Moreover, we tested the hypothesis that there is a significant 'dose-dependent' relationship between the frequency of breakfast consumption and obesity as a binary response variable. Finally, the association of breakfast skipping with health-related quality of life (QOL) was examined. Physical functioning (10 items) measures limitations in physical activities, such as walking and climbing stairs. The physical role (four items) and emotional role (three items) domains assess problems with work or other daily activities because of physical health or emotional problems. The bodily pain (two items) domain examines limitations as a result of pain, and the vitality domain (four items) assesses energy and tiredness. The social functioning domain (two items) measures the effect of physical and emotional health on normal social activities, and mental health (five items) assesses happiness, nervousness and depression. The general health perceptions domain (five items) assesses personal health and the expectation of changes in health. All domains were scored on a scale from 0 to 100, where 100 represents the best possible health-related QOL.
Subjects and methods
Health-related habitual behaviors included in the current analysis were cigarette smoking, alcohol drinking, betel nut chewing and exercise. The presence of these habits was identified by four yes-no questions. These were the following: 'Currently, are you drinking (alcohol-containing beverages)?'; 'Have you ever smoked cigarettes?'; 'Have you ever chewed betel quid?' and 'During the past 2 weeks, have you ever performed any exercise?'.
Demographic variables that were analyzed in this study included age in years, sex, marital status, educational level and monthly income in 1000 Taiwan dollars ( approximately US $30) (NT).
Continuous variables were presented as mean values and standard deviation. Categorical variables were presented as frequencies. Chi-square, Fisher's exact and Mann-Whitney U-tests were used to compare the differences in demographic variables, body weight, BMI, health-related habitual behaviors and domain scores of SF-36 between groups (breakfast skippers versus eaters). Logistic regression was used to examine the risk (odds ratio) of obesity and associated 95% confidence intervals (CIs) in breakfast skippers compared with breakfast eaters. Multivariable logistic regression modeling was used to adjust all risk estimates for covariates (that is, age, sex, marital status, educational level, monthly income, cigarette smoking, alcohol consumption, betel quid chewing and exercise habit). The Cochran-Armitage test for trend was performed to determine whether there is a significant 'dose-dependent' relationship between the frequency of breakfast consumption and obesity as a binary response variable. Among the entire sample, 2468 individuals (16.09%) were classified as obese. Of the female sample 12.53% were obese, whereas 19.50% of the men were obese. The age-and sexspecific prevalence rates of obesity are illustrated in Figure 1 . In both sexes, the prevalence rate of obesity was higher in middle-aged adults (men: 21.86% and women: 20.40%) than in young adults (men: 18.28% and women: 8.12%).
The prevalence of obesity was significantly higher in breakfast skippers than in breakfast eaters (P ¼ 0.007; Table 1 ). The odds ratio of obesity in breakfast skippers was 1.23 (95% CI: 1.06, 1.43) compared with breakfast eaters ( Table 2 ). The age-and sex-adjusted odds ratio for obesity in breakfast skippers was 1.38 (95% CI: 1.18, 1.60). The odds ratio of developing obesity for breakfast skippers was 1.34 (95% CI: 1.15, 1.56) controlling for age, sex, marital status, educational level, monthly income, smoking, alcohol, betel nut chewing and exercise habit. The unadjusted and adjusted odds ratios of obesity for individuals who ate breakfast once a week or less often and for those who ate 2-3 times a week compared with those who ate 4 times a week or more often are also presented in Table 2 . The Cochran-Armitage trend test revealed that the prevalence rate of obesity decreased as the frequency of breakfast consumption increased (P ¼ 0.005; Figure 2 ). As seen in Table 1 , breakfast skippers and breakfast eaters were significantly different in smoking, alcohol consumption, betel quid chewing and exercise habits (all P'so0.001).
A comparison of the SF-36 scores between breakfast skippers and breakfast eaters showed that those who regularly skipped breakfast had a significantly worse health-related QOL than those who regularly ate breakfast Association of breakfast skipping with obesity C-J Huang et al (Po0.001; Table 3 ). Moreover, breakfast skippers had significantly lower scores in 5 out of 8 domain scores of the SF-36, namely general health perceptions (Po0.001), vitality (Po0.001), social functioning (P ¼ 0.036), emotional role (Po0.001) and mental health (Po0.001). There were no statistically significant differences in all three physical domains of health including physical functioning, physical role and bodily pain between groups.
Discussion
The findings from this study showed that skipping breakfast was associated with the increased likelihood of obesity in the Taiwanese adults even after controlling those variables frequently associated with obesity. The salient finding from this study was that in the Taiwanese adult population the prevalence of obesity decreased as the frequency of breakfast consumption increased. This finding supports our hypothesis that there is a dose-dependent relationship between the frequency of breakfast consumption and obesity. Although the prevalence of breakfast skipping was only 8.1% in Taiwanese adults, the prevalence of obesity (16.09%) in this population has reached an epidemic proportion especially in the middle-aged men (21.86%) and women (20.40%). The finding that there was a dose-dependent relationship between the frequency of breakfast consumption and the risk of obesity not only underscores the protective role of eating breakfast in preventing obesity but also highlights breakfast skipping as a potential target for intervention in combating the obesity pandemic. Moreover, it is suggested that a recommendation to eat breakfast should be included in future weight loss programs.
Although the mechanism through which breakfast skipping contributes to the development of obesity remains undetermined, several potential mechanisms have been proposed including decreased energy expenditure, increased daily total energy intake and increased energy storage. Breakfast skippers were found to have lower levels of physical activity than breakfast eaters in adolescents, 20 suggesting that decreased energy expenditure may very likely be a mediating mechanism of the association between breakfast skipping and obesity. In this study, breakfast skipping was associated with increased odds of developing obesity after controlling those variables frequently associated with obesity, including exercise habit, revealing that in addition to decreased energy expenditure there might be other factors mediating the association between breakfast skipping and weight gain in adult population. Meal skipping results in extended periods of fasting that may induce a preprandial rise in ghrelin and in turn trigger subsequent meal initiation. 21, 22 It has thus been suggested that increased daily total energy intake is a possible mechanism mediating the relationship between breakfast skipping and overweight/obesity. However, this notion was not supported by previous findings as total daily energy intakes of breakfast skippers were found to be either lower than 23 or comparable with 15 those of breakfast eaters in studies of adolescent or preschool populations. An inverse relationship between meal frequency and prevalence of obesity has been shown in cross-sectional studies of adult populations, 12,13 whereas a prospective study of men revealed contradictory evidence that an increasing number of eating occasions was associated with a higher risk of weight gain. 16 Another line of evidence suggests an association between consumption of snacks and skipping meals in adolescents, 24 and an inverse association between consumption of snacks and overweight in female adolescents 25 or obesity in female adults. 13 More specifically, breakfast skippers were found to consume higher energy intakes from snacks, particularly higher energy intakes at afternoon and evening snacks in preschool children. 15 It is thus likely that skipping breakfast results in weight gain through increased food intake later in the day when the Breakfast Consumption Association of breakfast skipping with obesity C-J Huang et al body is less likely to expend the energy consumed and consequently increasing energy storage.
Skipping breakfast has been found to be associated with undesirable health outcomes such as insomnia, 26 increased blood pressure 27 and cluster with health-compromising behaviors such as smoking, alcohol and lack of exercise. 20 In accordance with previous findings, the results from this study showed that breakfast skipping often coexists with other undesirable health-related habitual behaviors, as we found that breakfast skippers had higher rates of smoking, alcohol consumption, betel quid chewing and lack of exercise. In addition to the association of breakfast skipping with health-promising behaviors, psychosocial domains of health-related QOL were decreased in breakfast skippers in this study. Taken together, skipping breakfast may not be taken as a 'cause' of obesity per se, but evidence supports that it can be regarded as a health-compromising behavior or a behavior associated with poor health status. Several limitations of this study must be addressed. First, this study did not account for the effect of daily energy intake on BMI because there was no information on daily calorie consumption available for analysis. Second, information on temporal distribution of the meals, food consumption frequency, daily consumption of snacks and daily energy expenditure were not available for analysis. Thus, the mechanism through which breakfast skipping causes weight gain remains to be elucidated. Finally, the effect of chronic illness on body weight was not controlled for when examining the relationship between breakfast consumption and obesity. Nevertheless, a comparison of the health-related QOL revealed that breakfast skippers and breakfast eaters were not significantly different in all three physical domains of health including physical functioning, difficulties in role performance because of physical health and limitations because of pain. Thus, the possibility that the association between breakfast consumption and obesity was influenced by the presence of chronic illness can be neglected. Despite these study limitations, this study included a national representative sample. Thus, the findings from this study add to the evidence to support the role of breakfast eating in the prevention of obesity.
